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ROBUST SUMMARY FOR DINITRILE CATEGORY

Summary

Identification of a structure based category

The dinitrile category is composed of linear straight and branched chain alkanes with a
common functional group, nitrile, at each end of the parent alkane chain. This category is
composed of individual isomers containing six carbon atoms that differ by the position of
the terminal nitrile groups. Dinitrilesincluded in this group are ethylsuccinonitrile (ESN),
2-methylglutaronitrile (2-M GN), and adiponitrile (ADN). Structures of these dinitriles
are presented below.

Chemical Name CASRegistry Number | Structure

Ethylsuccinonitrile 17611-82-4 CH, -CH3
Butanedinitrile, ethyl- |

(9ClI) N=C-CH,- CH - C=N
2-Methylglutaronitrile 4553-62-2 CH3
Pentanedinitrile, 2- |

methyl- (9ClI) N=C-CH;- CH,- CH - C=N
Adiponitrile 111-69-3 N=C-CH,-CH,-CH,-CH,-C=N
Hexanedinitrile (9ClI)

The terminal nitrile groups and limited chain length provide similar structure activity
relationships with these materials. The ESN and 2-MGN isomers are by-products of
ADN manufacture from 1,3-butadiene. ADN is being handled under the Organisation for
Economic Co-operation and Development (OECD) Screening Information Data Set
(SIDS) Program but datawill be presented in this document to lend overall support to the
dinitrile category. Finaly, in the data summaries, information will be presented that
indicates these materials share similar physical chemical properties, environmental fate
characteristics, ecotoxicity, and mammalian toxicity.

Scientific literature was searched and summarized (Table 1). Each study on category
materials was evaluated for adequacy. Robust summaries were devel oped for each study
addressing specific SIDS endpoints. Summaries were also developed for studies either
considered not adequate but provided information of relevance for hazard identification
and evaluation, or covered non-SIDS endpoints (Appendices A-C).
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Table1: Matrix of Available and Adeguate Data on Dinitrile Category

| ADN | 2-MGN | ESN

PHYSICAL/CHEMICAL CHARACTERISTICS

Melting Point v v v
Boiling Point v v v
Vapor Pressure Vv Vv Vv
Partition Coefficient v v v
Water Solubility V V v
ENVIRONMENTAL FATE
Photodegradation v v v
Stability in Water v v v
Transport (Fugacity) v v v
Biodegradation v - -
ECOTOXICITY
Acute Toxicity to Fish v v v
Acute Toxicity to Invertebrates v v v
Acute Toxicity to Aquatic Plants v v v
MAMMALIANTOXICITY
Acute Toxicity v v v
Repeated Dose Toxicity v a -
Developmental Toxicity v - -
Reproductive Toxicity v - -
Genetic Toxicity Gene Mutations v v v
Genetic Toxicity v v -
Chromosomal Aberrations

V = Data are available and considered adequate.
— = No data available, or available data considered inadequate.
a= Study in progress.
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Evaluation of Data Matrix Patterns
The avail able adequate data were broken out by discipline (physical chemical,
environmental fate, ecotoxicology, and mammalian toxicology). These comparisons
were conducted to determine if a pattern existed among the materials and to determine if
additional testing needed to be conducted to complete the data set for the category.

All three dinitriles have roughly equivalent physical chemical properties as aresult of
structural similarity. Complete and adequate data (Table 2) correlate well with structure
and validate the category proposal.

Table 2: Physical and Chemical Char acteristics

Adiponitrile 2-MGN ESN
Physical Colorless liquid with a | Colorless, odorless Colorlessto brown
Appearance faint odor liquid liquid
Molecular 108.14 108.14 108.14
Weight
Water 80 g/L @ 20°C 40 g/L @ 20°C 22 g/L @ 23°C
Solubility
Melting Point | 1°C -44 to0 -48°C -39t0-43°C
Boiling Point | 295°C 274°C 264°C
Vapor 6.8x10" mm Hg @ 5.1x10° mm Hg @ 0.019 mm Hg @ 25°C
Pressure 25°C 25°C
Density/ 0.9676 g/mL @ 20°C | 0.95g/mL @ 25°C 0.948 g/mL @ 25°C
Specific
Gravity
Partition -0.32 -0.644 0.28
Coefficient
(Log Kow)

Environmental fate data are essentially equivaent for the category members (Table 3).
The dataindicate that adiponitrile isinherently biodegradable. All 3 category members
do not bioaccumulate. Fugacity model predictions indicate that these materials will act
similarly in regards to partitioning in the environment. They will partition between soil
and water with very little getting into air. Although tests on biodegradability have not
been conducted for 2-MGN or ESN, it is reasonable to conclude that these materials
would also be inherently biodegradable and thus no tests are recommended.
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Table 3: Environmental Fate

Adiponitrile 2-MGN ESN
Bioaccumulation* | Will not Will not Low
bioaccumulate bioaccumulate
BCF<1 BCF=0.2 BCF =3.162
Biodegradation Inherently No Data No Data
biodegradable
Fugacity* Air: 0.037% Air: 0.875% Air: 0.861%
Water:  30.2% Water: 45.9% Water:  45.3%
Soil: 69.6% Soil: 53.2% Soil: 53.8%
Sediment: 0.136% Sediment: 0.0765% | Sediment: 0.767%

* = Modeled data

Actual and estimated data on ecotoxicology support a category approach for these
chemicals. A limited number of ecotoxicological studies have been conducted with
dinitrile chemicals. Modeling of physical-chemical parameters (i.e., Kow) and aguatic
toxicity was conducted to help provide insight into the behavior in the environment and
the aguatic toxicity of adiponitrile, 2-MGN, and ESN (Table 4). Syracuse Research
Corporation models for estimating physical-chemical properties were used to estimate
log;o Kow (Meylan and Howard, 1995) for the dinitrile chemicals for subsequent usein
the ECOSAR program.

ECOSAR (Meylan and Howard, 1999) was used to estimate the missing aquatic toxicity
data for the three dinitrile chemicals to green algae, daphnids (planktonic freshwater
crustaceans), and fish, if necessary. ECOSAR predictions are based on actual toxicity
test data for classes of compounds with similar modes of action, i.e., narcosisin the case
of the dinitrile chemicals. Predicted logio Kow values were used as input for the
ECOSAR model. If actual measurements of Kow were available they are presented for
comparative purposes. The available values were typically less than the estimated values
and if these values were used for ECOSAR toxicity predictions would result in larger
endpoint values (i.e., decreased toxicity) relative to the use of estimated Kow values.
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Table4: Aquatic Toxicity

Adiponitrile 2-MGN ESN
Log Kow 0.35 (E)* -0.64 (E) 0.28 (E)
-0.32 (M)
Toxicity to 2851 mg/L (E) 3317 mg/L (E) 3317 mg/L (E)
Fish (96-hour 1930 mg/L (M)
LCso value)
Toxicity to 2726 mg/L 3156 mg/L 3156 mg/L
Invertebrates | (48-hour, E) (48-hour, E) (48-hour, E)
(ECsp value)
>1000 mg/L 1550 mg/L 831 mg/L
(48-hour, N) (24-hour, N) (48-hour, N)
Toxicity to 1550 mg/L (E) 1787 mg/L (E) 1787 mg/L (E)
Algae (96-hour
ECso value) >100 mg/L (72-hour
NOEC, N)
*E = estimated value, N = value based on nominal test concentrations, M = measured
test concentrations

Results of the available agquatic test data with daphnids and fish for these compounds
indicates that the daphnid 48-hour ECsg was >800 mg/L and the 96-hour fish LCsy was
>1900 mg/L. Actual data suggest that algae may be the most sensitive of the three test
species to the dinitrile chemicals, however, the 72-hour NOEC for adiponitrile was still
>100 mg/L. The ECOSAR predictions of toxicity to the three species are in genera
agreement with the actual measured values when available. Based on the estimated and
actual toxicity test data for the three chemicals, they do not represent an unacceptabl e risk
to agquatic organisms.

Acute toxicity dataindicates that al three chemicals exhibit similar acute toxicity
(Table 5) and thus supports the category approach. In mammalian species, al 3 dinitriles
are moderately toxic viathe acute oral route. Viathe acute inhalation route, all 3
dinitriles exhibit similar toxicity (4-hour LCsp or ALCs ranging from 0.66 mg/L to

1.4 mg/L) with 2-MGN exhibiting the higher toxicity of the 3 chemicals. Viathe acute
dermal route, both adiponitrile and 2-MGN are moderately toxic. Adiponitrile and
2-MGN are not dermal irritants and they both cause slight to mild eye irritation.
Adiponitrile was not adermal sensitizer in guineapigs. No datawere available on
2-MGN for dermal sensitization. No datawere available for ESN on dermal toxicity,
dermal irritation, eyeirritation, or dermal sensitization. The acute data that exists for
these chemicals indicates that the chemicals produce similar toxicity profiles for acute
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toxicity. The database for acute toxicity could be enhanced with additional irritation tests
on ESN.

Table5: Acute Mammalian Toxicity

Adiponitrile 2-MGN ESN
Oral LDsg 138-301 mg/kg in 205 mg/kginrats Minimum lethal dose
rats > 50 mg/kg and
<500 mg/kginrats
Inhalation 4-hour LCgy = 4-hour LCgy = 4-hour ALC =
L Cso 1.71 mg/L inrats 0.66 mg/L inrats 1.4mg/L inrats
Dermal L Dsgg 24-hour LDsgp = 24-hour LDsgg = No Data
or LDg 2134 mg/kgin 776 mg/kg in rabbits
rabbits
Dermal Not an irritant Not an irritant No Data
Irritation
Eyelrritation | Slightirritant Mild irritant No Data
Dermal Not a sensitizer No Data No Data
Sensitization

Summary of the available data on repeated dose, developmental, and reproductive
toxicity isshown in Table 6. Repeated exposure studies in rats have identified advanced
adrenal degeneration in rats exposed to 0.5 ppm ADN in the drinking water for 2 years.
A 13-week inhalation study in rats did not produce any compound-related microscopic
lesions at concentration levels up to 99 mg/m®. Concentrations of 30.6 mg/m® ADN via
inhalation exposure have been well tolerated. Adiponitrileis not a developmental or
reproductive toxin in therat. No data are currently available on repeated dose toxicity,
developmental toxicity, or reproductive toxicity of 2-MGN or ESN. A 4-week inhalation
study of 2-MGN inratsis currently in progress. Because of the similarities observed
between the 3 materialsin their structures, physical and chemical characteristics, acute
toxicity, environmental fate, and aquatic toxicity, it is reasonable to conclude that
2-MGN and ESN would have similar toxicity in repeated dose toxicity, developmental
toxicity, and reproductive toxicity.
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Table 6: Repeated Dose, Developmental, and Reproductive T oxicity

Adiponitrile 2-MGN ESN
Repeated Dose | 30.6 mg/m®ina Study in progress No Data
Toxicity 13-week inhalation
(NOAEL) study in rats
Developmental | Not ateratogen No Data No Data
Toxicity
Reproductive | Not areproductive No Data No Data
Toxicity toxin

Genetic toxicity data are similar between the 3 dinitriles, supporting a category approach
(Table 7). Adiponitrile was not active genetically in a series of tests developed to detect
either point mutations or clastogenicity. 2-MGN was weakly mutagenic in anin vitro
bacterial reverse mutation assay and negative in an in vivo mouse micronucleus test.
ESN was not mutagenic in an in vitro bacterial reverse mutation assay. While no data
were available on the clastogenicity of ESN, it can be reasonable concluded that ESN
would be inactive.

Table 7: Genetic Toxicity

Adiponitrile 2-MGN ESN
Mutagenic No Wesakly No
Clastogenic No No No Data

Overal, the toxicol ogic database for adiponitrile is complete and the information
available does not seem to suggest a high level of biological activity. The toxicologic
database for 2-MGN and ESN are somewhat limited, but the information available
suggests alevel of toxicity comparable to adiponitrile. The 3 chemicalsaresimilarin
chemical structure, physical and chemical characteristics, environmental toxicity, aquatic
toxicity, and acute toxicity. Because of these similarities, it is reasonable to conclude that
the category members would behave similarly in the areas where data gaps are evident:
biodegradation (2-MGN and ESN), repeated dose (2-MGN and ESN), developmental
toxicity (2-MGN and ESN), reproductive toxicity (2-MGN and ESN), and clastogenicity
(ESN). To add further support to this category approach, a 4-week inhalation study of
2-MGN and dermal and eye irritation studies of ESN are planned. If no major
differencesin irritation data or repeated dose toxicity are observed in these studies, no
additional toxicity testing will be conducted. Table 8 lists the proposed test plan for the
dinitrile category.
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Table 8: Dinitrile Proposed SIDS Test Plan

Adiponitrile 2-MGN ESN
Dermal + + -
Irritation
Eye Irritation | + + -
Repeated Dose | + - *

+ = Dataavailable. No testingto occur.

- = No dataavailable. Testing recommended.

* = Evaluation of the test substance will be considered based upon the results obtained
from the study performed with 2-MGN.

Exposur e Assessment for Dinitriles (2-M GN & ESN)

2 —Methylglutaronitrile (2-MGN) is a chemical intermediate synthesized in the
production of Adiponitrile. 2-MGN is manufactured at two facilities, the Victoria Site &
Sabine River Works (SRW). The Crude 2-MGN from SRW is shipped to the Victoria
Site. The Victoria Site refines approximately 92.5% of the MGN and atoller refines
7.5% to make Refined MGN. 99.9949% of the Refined MGN is shipped to DuPont’s
Maitland Site in Canada and is consumed in the production of

2-methyl pentamethylenediamine. 0.005% is sent to atoll manufacturer whereit is
completely consumed in the production of a new chemical. 0.0001% of the Refined
MGN was sold to an outside customer for testing. 2-Ethylsuccinonitrile (ESN) is an
impurity in 2-MGN and is found in levels between 0 to 2% in the Refined MGN.

DuPont sites that produce and use MGN have effective safety, health & environmental
practices and procedures in addition to engineering controls, environmental controls, and
personal protective equipment to control exposure. Both manufacturing facilities have
from 250 to 2000 personnel (construction, contractor, and plant employees) working on
site. The areas where the substances are manufactured have from two to five operators
during normal operations and up to atotal of 60 people during a shutdown or major
construction activity. Adequate safety equipment, such as safety showers, eyewash
fountains, and washing facilities, are available in the event of an occupational exposure.
Individuals handling 2-M GN should avoid contact with eyes, skin, and clothing,
thoroughly wash any exposed area of the skin after handling, and avoid breathing any
dust. Workers use butyl gloves and Tychem 9400 acid suits. They are not required to
wear respirators during the routine operation of the plant. The potential for exposure of
2-MGN isthe greatest during the loading and unloading of the MGN since the processes
used are closed. The toll manufacturer and customer also have procedures, practices, and
controls in place to manage the risk of exposure and no incidents have been reported to
DuPont. DuPont practices Responsible Care” and assesses the ability of a potential toll
manufacturer and customers to safely handle MGN prior to commencing a commercial
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relationship. This assessment includes reviews and audits of PPE (personal protective
equipment), safety equipment and procedures, structural integrity, and safety practices.

Air monitoring has been conducted on 2-MGN but samples are not analyzed for ESN,
sincerarely even atrace is detected in air samples. Time-weighted averages (TWA)
samples are trapped using tertbutylcatechol treated charcoal tubes, desorbed with 5%
acetone in carbon disulfide, and analyzed using gas chromatography. The accuracy of
the overal analysisis reported to be 10% when the sampling pump is calibrated with a
charcoal tubeinline. LOGAN (lognormal analysis) is a computerized statistical method
for characterizing occupational exposures to chemicals, noise, and other environmental
hazards. LOGAN uses sequential collection of data and makes decisions on the
minimum amount of data. It helps make cost-effective, accurate decisions that ensure a
healthy workplace. LOGAN usesinferential statistics to estimate the true workplace
conditions, in the same way that public polling estimates opinions by sampling a
representative percentage of the public. LOGAN is designed to limit the risk of
employee occupational overexposure to less than 5%.

No DuPont Acceptable Exposure Limit has been established for Ethylsuccinonitrile. The
DuPont Acceptable Exposure Limit for 2-MGN is 1 ppm as an 8-hour TWA. No other
limits have been established. None of the samples taken suggest the probability of
exposure in excess of the current recommended AEL of 1 ppm 8-hour TWA.

| EXPOSURE DATA |

ADN PLANT
2-Methylglutaronitrile is manufactured in the ADN plant.

ADN Production Operators

People | No. of Results | Avg. of TWA (ppm) | Min. of Results Max. of Results
(ppm) (ppm)
88 134 0.0100 0.0096 0.0100

ADN I & E Maintenance

People | No. of Results | Avg. of TWA (ppm) | Min. of Results Max. of Results
(ppm) (ppm)
28 18 0.0099 0.0081 0.0100
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ADN Maintenance M echanics

People | No. of Results | Avg. of TWA (ppm) | Min. of Results Max. of Results
(ppm) (ppm)
39 91 0.0104 0.0081 0.0400
HMD PLANT

The HMD plant occasionally refines 2-methylglutaronitrile as a batch operation. The
HMD filtration operator is responsible for the injection wells and waste area.

HMD Production Operators

People | No. of Results | Avg. of TWA (ppm) | Min. of Results Max. of Results
(ppm) (ppm)
32 121 0.0099 0.0090 0.0100

HMD I & E Maintenance

People | No. of Results | Avg. of TWA (ppm) | Min. of Results Max. of Results
(ppm) (ppm)
12 10 0.0096 0.0082 0.0100

HMD Maintenance M echanics

People

No. of Results

Ava. of TWA (ppm)

Min. of Results

(ppm)

Max. of Results

(ppm)

20

22

0.0098

0.0094

0.0100

POWER HOUSE EAST

The powerhouse production operators burn some dinitrile waste streams in the boilers.

Power House Production Operators

People

No. of Results

Ava. of TWA (ppm)

Min. of Results

(ppm)

Max. of Results

(ppm)

17

11

0.0100

0.0097

0.0100

10
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OLA PACKAGING WAREHOUSE
Contractor operators at the packaging warehouse and the landfills packages waste solids
and ships the solids to landfill

Zachry/Sentinel Packaging War ehouse

People | No. of Results | Avg. of TWA (ppm) | Min. of Results Max. of Results
(ppm) (ppm)
2 12 0.0093 0.0088 0.0100
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